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Public Sector Plant Breeding
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Forces for Change—
The Late 20th Century
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Public and Private Plant Breeding:
Levels of Investment and 

On-Farm Varietal Use
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U.S. patents issued for field crops, 1998
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Figure 2
Real public and private sector expenditures on plant breeding, U.S. GDP deflator
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Figure 3
Real public and private sector expenditures on plant breeding, U.S. agricultural research deflator

Total public sector field crops research

Improved biological efficiency of field crops

Control of pests & diseases of field crops

Biological efficiency & pest & disease control

Private sector (all plant breeding)

Frey's (1996) point estimate private sector
(all plant breeding), 1994

1

1

1

1

1

Frey's (1996) point estimate public sector
(all plant breeding), 1994

Data not available for 1971.



��������-��
��-�������������"�����	� ��$�����
���"��1
�����
�$����"�����+������������
�!�����""���
��������
���-���.���!������"����	�6��,��!���$�!"��
��������
;;�"��$�����������"�������"�����+������������+�������
����������$��"
�!���$�!"��
��9:�"��$�����������"������

�$������������3�����8@@<�	�3������!���������"�+��$
"�����+��������
����
�!�������
�����
�!�-�������
E����F��!����
�����
�������"�����+�������	�����
������

��0��������������������$��"
��������"�������"�����+�������
�."��������
���-�
��"�

�"�+��$��."��������
�+���
$��
�����+���!�����	�(��������������������
��!���

+�
������3�����8@@<������
�!�-������-�����������
�������
��!���
������
������������$����������������
��1
!���
�+�
��������!+������
$�����
�
������
��������-��
������
��!���
�+�
�����������������."�������������	� �
!�
����
��+����!�!+����������3����������������!"����
!��
��������
�!�������+����$�������������������������
��!��
����
��
��!���
�$�����������+����$������������
�1
!���
������������"�����+�������	������$�������
��
���$��
�������������������+����$��
�����+���������
"�������
�$����+��������!�����3���M
�
�����������,����
�����
��8@@=�	

��+���8�����$���
�������!+������"�������
�$����"����
+������
��������������������
����8@9*�����8@@?�����
"�+��$�
�$����+������
�����8@@?	���������������-�
���
��$���
�����������!+������"�������
�$����+������
�����
�����"�����	������������$���
��-�����+�����������
��$�

3���/
��8@@<��$������������$��������
$�����
�
��
�+����1
��
�-����
���$������������
������������������$����
��
�8@9;�	��3���/
�
��������
��
����
������������������
��!+������"�+��$�
�$����"�����+������
���$����������
����
�!��"���������������������
��-���������������������
�����$���
�����������!+������"�����+������
��������"��1
�����
�$���	�(����������!����$�����"�������+������
����
!��,������
�����!���-��$��"
�$�!"��
�����!�
��$�!1
"������������+������������
��������
������$����������
��1
+���
������-��$��-���������"�������
�$����"�����+����1
����+�$�!����!������������������$���$�������!��0��
���
��
	�>������������������������-����
�����!����"�+1
��$������"�������+������
�����-������������
!���������
�
�������$��"
������"������
J��������������!�
��������
�
$��"
��������!+������"�������+������
�-�
�
������$���	
6��,����
�!�����������������!�
�������������!+�����
+������
����������������$��"	

Australia

'�
������������
�!�������"�����+��������������������
8@@:
��
�"��
�����������+���*��
�����
����+���?�	�'
���
����������������
��"�������
�$��������
�!����-�
�����1
�������
������������
���
��������
�����!������!��,��
���������������������-��$��"
�������������������!"������
���'�
������	�����"�+��$�
�$����
�������!�������+�������
����-���������������$�����
��"��!������+�����	�%������
-�������������'�
������/
�!�
���!"�����������$�������
�."���
��'�
������/
�"�����+������������
�!����-�
�
��1
�������!�
�
!�����������������������������������
	

� ❖ ��������	�
�����
�
���		��������
�����

������������������� ����������	
	���
��	����	�����

��������	
���
��
��������������
�����������
��	��������
�������������������

1982 1994

Private Private Public Private Total
sector sector sector sector
(Ph.D.) (M.S. &

B.S.)

Years

Maize 155 302 35 510 545
Soybeans 36 58 55 101 156
Cotton + other fiber 17 30 33 103 136
Wheat 23 46 77 54 131
Forage crops 34 49 71 51 122
Other small grains 7 8 36 29 65
Grain sorghum 22 44 15 41 56
Potatoes na na 41 9 50
Rice 7 6 20 22 42
Other field crops 32 38 90 193 283

Total 333 581 473 1,113 1,586

Source: Frey (1996); Huffman and Evenson (1993), based on Kalton and
Richardson (1983).

Table 2—Australia’s research investment and 
scientist years in plant breeding: cereals, grain
legumes, and oilseeds, 1991-92 (single crop year)

Research expenditures Scientist years

Public Private Public Private
sector sector sector sector

Million 1996 U.S. dollars

Wheat 11.6 0.1 27 4
Other cereals 5.6 <0.1 29 0
Grain sorghum 0.9 0.7 2 4
Maize 0.5 0.5 4 3
Multi-cereals 2.3 0.0
Grain legumes 4.7 0.0 16 0
Oilseeds 2.9 1.9 13 12
Multi-crop 1.4 0.0

Total 29.9 3.3 91 23

Source: Clements, Rosielle, and Hilton (1992).
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Crop Year Sector Research & 
development costs

Million 1996 U.S. dollars

Canola 1999 Private 76.4
Canola 1999 Public 33.4
Wheat 1998 Public 12.0
Pulses 1999 Public 11.1

1Totals for canola include a small amount of funds spent outside of Canada
toward the development of Canadian cultivars.

Source: Stavroula Malla, University of Saskatchewan, personal 
communication

Table 4—Annual wheat improvement research
investment and scientist years in plant breeding,
early 1990s

Total research expenditure Scientist years

Millions 1996 U.S. dollars

Australia 10.1 109
Germany 10.8 50
U.K. 19.7 128
United States 50.9 278

Source: Bohn, Byerlee, and Maredia (1999).
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Figure 4

1999 barley breeding expenditures, major prairie institutions, Canada

  Total $3.1 million (1996 U.S. dollars)

1999 wheat breeding expenditures, major prairie institutions, Canada 

Total:  $10.1 million (1996 U.S. dollars)

Ag Canada
$0.4 million

Provincial

Producer Checkoffs

Other Industry

Royalties/Grants

$1.0 million

$0.8 million

$0.9 million

<$0.1 million

Royalties/Grants

Ag Canada

Provincial

Producer Checkoffs

Other Industry

Royalties

Grants

$3.9 million

$1.0 million

$2.9 million

$0.9 million

$0.6 million

$0.8 million

Composition of funding sources, public sector wheat and barley breeding programs, major
Canadian prairie institutions

Source: Calculated from data reported by Western Grains Research Foundation,
http://www.westerngrains.com/
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Figure 5
Research expenditures, Plant Breeding Institute (PBI) and John Innes Institute (JII), United Kingdom
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Future Roles for the Public Sector 
in Plant Breeding
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Table 5—Estimates of percentage cropped acres
planted with private sector seed varieties, various
years

Crop Year Country/ Percent of area
region planted with private 

sector varieties
Maize 1980 United States 1001

early 1990s United States 100
EU 97
Canada 95
Total industrialized 99

1997 United States 100

Wheat 1980 United States 52

late 1990s United States 24
Australia 1
Canada 33

EU (preliminary) 71
Total industrialized 27

Soybeans 1980 United States 84

1997 United States 70-905

Cotton 1980 United States 72
1998 United States 93

Canola before early Canada <10
1980s
after late Canada >80
1980s

1 Butler and Marion (1985) estimated 23 percent of U.S. maize area was
planted to "unknown" varieties in 1980. We attributed this area to the private
sector.

2 Butler and Marion (1985) estimated that more than a third of U.S. wheat
area was planted to "unknown" varieties. We attributed this area to the pub-
lic sector. We also assumed private sector area for durum wheat was equiv-
alent to private sector area in the hard red spring class.

3 Prairie shares were estimated from data available from the Canadian Wheat
Board (http://www.cwb.ca/) and Saskatchewan Agriculture and Food
(http://www.agr.gov.sk.ca/). Prairie wheat accounts for around 97 percent of
total Canadian wheat area. Private sector shares for the other 3 percent,
mostly in eastern Canada, were assumed to be equivalent to shares for the
U.S. soft red winter class.

4 Butler and Marion (1985) estimated 22 percent of U.S. soybean area was
planted to "unknown" varieties. We attributed this area to the public sector.

5 Lower estimate assumes most farmer-saved seed is from public sector vari-
eties. Higher estimate assumes planted areas are roughly proportional to
seed sales. About 25 percent of soybean seed planted in 1997 was estimat-
ed to be farmer-saved.

Source: Butler and Marion (1985); Hayenga (1998); Sears (1998); CIMMYT
(1994); Gray and others (1999); Canadian Wheat Board (http://www.cwb.ca/);
Saskatchewan Agriculture and Food (http://www.agr.gov.sk.ca/); J. Brennan
(personal communication); W. Pfeiffer (personal communication); USDA
Agricultural Marketing Service, as reported by G. Traxler (personal communi-
cation).
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Appendix: Estimation of Plant
Breeding Investments
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